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We reviewed the long-term results at ten to 12 years of 118 total hip replacements in 109 
patients using a second-generation hemispherical cementless acetabular component 
(Reflection) designed to address the problem of backside wear. Five patients (five hips) died 
and six patients (seven hips) were lost to follow-up. The remaining 98 patients (106 hips) 
had a mean age of 62.9 years (34.0 to 86.2) A rate of revision for aseptic loosening of 0.9%, 
and predictable results were found with respect to radiological evidence of fixation, lack of 
pain, walking ability, range of movement and function. One component was revised for 
aseptic loosening, and of the 101 hips (95.2%) that did not have a revision, minor osteolytic 
lesions of the pelvis were seen in six (5.9%). Kaplan-Meier survival analysis for the total 
cohort of 118 hips revealed a 96.4% survival at both ten (95% confidence interval 90 to 98) 
and 12 years (95% confidence interval 86 to 98).
 
Modular metal-backed cementless acetabular
components are widely used.
 
1,2
 
 Modular com-
ponents give surgeons the flexibility to change
the size of the femoral head and the offset and
cover of the liner. They also offer the possibil-
ity of enhancing the initial bone fixation with
screws. During a revision procedure the liner
may be changed without removing a well-fixed
shell.
When analysing the results of the first gener-
ation of cementless acetabular components,
although there were low rates of loosening,
there were high rates of wear and osteolysis.
 
3-8
 
Wear between the femoral head and poly-
ethylene has been recognised for many years.
More recently, retrieval and 
 
in vitro
 
 studies have
demonstrated that with modular components,
wear between the metal shell and the polyethy-
lene liner, so-called backside wear, also occurs
and may be of clinical significance.
 
9-11
 
 This was
observed in first-generation modular acetabular
components in which there was a poor locking
mechanism, allowing micromovement of the
polyethylene liner, poor conformity between the
liner and the shell, and a rough inner surface
finish. These observations led to a number of
changes in their design.
 
12-14
 
The purpose of this study was to analyse the
long-term results of a second-generation hemi-
spherical cementless acetabular component
(Reflection, Smith & Nephew, Memphis, Ten-
nessee) designed to address the problem of
backside wear, with thicker polyethylene,
increased conformity of the component and
liner, an increase in surface area to support the
liner, a polished inner metal-backing and a
stable locking mechanism.
 
Patients and Methods
 
Between June 1993 and November 1996, 118
primary total hip replacements (THRs) were
carried out in 109 patients using a Reflection
porous-coated cementless acetabular compon-
ent. Data were collected prospectively on all
patients for a minimum of ten years, or until
death or failure of the device. All the opera-
tions were performed at the same institution by
the three authors.
During the period of follow-up five patients
(five hips) died at a mean of 5.1 years (2 to 8)
after operation from causes that were not
related to the THR. None had required a fur-
ther operation and all had satisfactory fixation
of the acetabular component, as seen on radio-
graphs made within one year of death. Six
patients (seven hips) were lost to follow-up at a
mean of 6.2 years (2 to 11) after the operation.
These patients had no radiological evidence of
loosening at the time of the last follow-up.
The remaining 106 hips (98 patients) were
available for review at a mean follow-up of
12.1 years (10.0 to 13.7).
These 98 patients comprised 61 women and
37 men. Their mean age at the time of opera-
tion was 62.9 years (34.0 to 86.2). Their mean
weight was 71 kg (48 to 107). The primary
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diagnosis was osteoarthritis in 55 hips (51.9%), osteoar-
thritis secondary to developmental dysplasia in 22
(20.8%), osteonecrosis in ten (9.4%), rheumatoid arthritis
in seven (6.6%), fracture of the femoral neck in six (5.7%),
post-traumatic arthritis in five (4.7%), and ankylosing
spondylitis in one (0.9%).
The Reflection component is a second-generation hemi-
spherical, titanium-alloy cementless acetabular shell with a
titanium porous-coated outer surface and a smooth inner
surface. At the time of surgery the system was available in
two configurations, Reflections I and V. The Reflection I
had a threaded hole at the apex for insertion of the
component and visualisation of the acetabulum, with no
additional options for fixation. The Reflection V had five
screw/peg holes. A cover could be threaded into the apex
hole of the shell in both Reflection I and V.
A direct lateral approach was used in all the cases, with
the patients in a supine decubitus position. All the compon-
ents were implanted with a press-fit technique. The acetab-
ulum was reamed progressively to obtain circumferential
contact with bleeding cancellous or subchondral bone. The
final reamer size was determined by complete contact
between the reamer and the acetabular rim, and a trial shell
was then inserted. The acetabulum was under-reamed by
1 mm to 3 mm.
During the first period of the study the component with-
out a hole was not available. A component with five cluster
holes (Reflection V) but with no screws was used in 50 hips
(47.2%), a component without holes (Reflection I) in 41
(38.7%), and a component with holes and one or more
screws in 15 (14.1%).
The desired position of the component was 45˚ of
abduction and 10˚ of anteversion. In all cases a 20˚ ele-
vated polyethylene liner was used. All the liners were
made of GUR 1050 calcium stearate-free resin, machined
from an extruded bar (Hoechst Celanese, Houston,
Texas).
A cobalt-chromium femoral head was used in 85 hips
(80.2%) and a zirconium head in 21 (19.8%), all with a
diameter of 28 mm. A cemented Spectron femoral stem
(Smith & Nephew) was used in 45 hips (42.4%), a
Charnley Elite cemented femoral stem (DePuy, Warsaw,
Indiana) in 37 (34.9%), and a Richards Modular Hip Sys-
tem cementless modular stem (Smith & Nephew) in 24
(22.6%).
The Harris hip score (HHS) was determined before
operation and at the most recent follow-up. Anteroposte-
rior and lateral radiographs were taken on these occa-
sions. Components without radiolucent lines or evidence
of migration on the radiographs taken at the last follow-
up were considered to be well fixed. Those with a circum-
ferential radiolucent line < 1 mm in width and without
migration were considered to have a stable fibrous union.
Those with progressive radiolucent lines or exhibiting
migration were considered to be loose. The acetabular
component was considered to have migrated if there was a
change of 
 
≥
 
 3 mm in the horizontal or vertical position of
the centre of the component compared with the position
immediately after operation.
 
15
 
The prevalence, location and extent of osteolytic lesions,
progressive radiolucent lines and resorptions at the calcar
were determined on anteroposterior and lateral radio-
graphs made at the last follow-up. Osteolysis was defined
as a punched-out area, devoid of trabecular bone and
usually with a sclerotic border. Peri-acetabular osteolytic
lesions were assessed according to the zones described by
DeLee and Charnley,
 
16
 
 and the area of each lesion was mea-
sured on the last post-operative radiograph. Resorption of
the calcar, defined as rounding of the calcar with a convex
shape and loss of calcar-collar contact, was differentiated
from osteolysis, a punched-out, expansive area with a con-
cave shape.
A Kaplan-Meier survival analysis was performed to cal-
culate the survival curve of this acetabular component. Two
distinct endpoints were chosen: revision, or an indication
for revision for aseptic loosening or migration of the com-
ponent as one, and the presence of radiologically detectable
osteolysis as the other.
Survival tables were constructed using 12-month inter-
vals. For each interval, the total number of hip replace-
ments entering the interval, the number of failures and
withdrawals, the number at risk, the annual rates of failure
and success, and the cumulative success rate were calcu-
lated. Confidence intervals were calculated using the
Rothman formula.
 
17
 
Results
 
Of the 106 acetabular components, five (4.7%) were
revised. One was revised for aseptic loosening (0.9%) after
three years and required a bone graft for a protrusio
deformity secondary to rheumatoid arthritis. Four hips
(3.8%) had revision of a stable acetabular component. In
one the component was revised after a fourth dislocation. In
the other three it was exchanged because of excessive wear.
We did not perform an isolated exchange of the liner in these
three cases because we were not confident about the locking
mechanism.
Nine additional hips (8.5%) were revised for aseptic
loosening of the femoral stem. The acetabular component
was well fixed in all these cases, and in two the liner was
exchanged for a new one made from a highly cross-linked
polyethylene.
The clinical and radiological results were available for
the 101 hips (95.2%) that had not undergone revision of
the acetabular components.
The mean HHS improved from 43 (17 to 58) before
operation to 91 (58 to 100) at the latest follow-up. The
results were rated as excellent in 69 hips (68.3%), good in
25 (24.8%), fair in five (5.0%) and poor in two (1.9%).
The radiological results showed that 98 hips (97.0%)
had a well-fixed component with bone ingrowth at the time
of the last follow-up. Three (3.0%) had a stable fibrous
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union, without migration of the component or associated
symptoms; one, as noted above, was revised because of
aseptic loosening. Radiolucent lines were present in nine
(8.9%) components in one or more zones. They were not
progressive and were < 1 mm in width. None of these com-
ponents was considered to be unstable. The group of
patients with radiolucent lines was asymptomatic and their
mean HHS score was 93 (82 to 100).
Osteolytic lesions were present in six cases (5.9%). Their
mean size at the last follow-up was 314 mm
 
2
 
 (180 to 1026).
Osteolysis was noted in association with three of 40 com-
ponents without holes and in three of 61 components with
cluster holes. For the entire cohort of 118 hips, Kaplan-
Meier survival analysis, with failure defined as revision or
indication for revision for any reason, indicated that the
Reflection component had a 96.4% survival at both ten
(95% confidence interval (CI) 90 to 98) and 12 years (95%
CI 86 to 98) (Fig. 1).
For a follow-up of 12 years, the probability of survival
with the endpoint defined as the presence of osteolysis was
94.6% (95% CI 84 to 98).
 
Discussion
 
The success of the hemispherical acetabular component in
terms of fixation is well established, and once initial sta-
bility is achieved this usually leads to long-term biological
fixation. Failures have been reported to occur from the
generation of polyethylene wear with resultant osteolysis,
rather than by loosening.
 
3,4,7
 
 As the concave articular sur-
face was the obvious source of wear, most studies focused
on the generation of debris from this site. However, it later
became evident that the wear on the convex surface was
substantial, with the production of polyethylene particles
on the non-articulating side of the polyethylene in contact
with the metallic shell, termed backside wear.
 
18-21
 
This wear was classified by Schmalzried and
Callaghan
 
22
 
 as mode-4 wear, where two secondary sur-
faces are rubbing together. Particles produced by mode-4
wear can induce an inflammatory reaction, and can also
be transported to the bearing surfaces and induce third-
body wear.
Osteolysis due to backside wear was seen mostly in
first-generation modular acetabular components. Clinical
and 
 
in vitro
 
 wear studies have associated backside wear
with factors in design, including a suboptimal locking
mechanism that allowed liner-shell micromovement,
 
9,20
 
lack of conformity between the liner and the shell, rough-
ness of the inner surface of the shell,
 
11
 
 thinner polyethy-
lene and the presence of screw holes.
 
10,14
 
 Modern modular
components have improved locking mechanisms,
 
12,13
 
maximal conformity of the shell and liner, smooth inner
metallic surfaces
 
14
 
 and no holes. These modifications have
reduced micromovement between the shell and liner and
backside wear 
 
in vitro
 
.
 
23,24
 
 However, there are few pub-
lished reviews analysing the results of second-generation
modular acetabular components.
Della Valle et al
 
25
 
 described their results with a second-
generation cementless modular acetabular component for
primary THR. They found a low rate of revision for asep-
tic loosening (0.3%) and of peri-prosthetic osteolysis
(5%) at a medium-term follow-up. They also compared a
second-generation modular component with a non-
modular component in which the polyethylene liner was
pre-assembled at the factory. They observed no movement
between the liner and the shell. After a mean follow-up of
5.65 years there was no difference in the rate of wear and
the prevalence of peri-prosthetic osteolysis between the
two groups.
 
26
 
Chen et al
 
27
 
 noted that changes in design made to
address problems with the first-generation components
resulted in no loose components or radiological evidence
of migration, compared with a rate of failure of 21% of
first-generation components.
In our series of 106 Reflection porous-coated acetabu-
lar components followed for a mean of 12.1 years there
was a low rate of revision for aseptic loosening (0.9%),
and predictable results with respect to radiological evi-
dence of fixation, lack of pain, walking ability, range of
movement and function. We are aware that plain radio-
graphs tend to underestimate the incidence and extent of
peri-acetabular osteolysis compared with computed tom-
ography;
 
28
 
 however, conventional radiographs remain the
clinical standard for routine follow-up.
The Reflection acetabular component demonstrated
low rates of loosening and osteolysis and no liner dissoci-
ation at a minimum of ten years after the operation. The
observed rate of radiological loosening and osteolysis was
less than that reported for first-generation acetabular
components inserted without cement in other studies that
had a similar length of follow-up.
 
2,5,29-32
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Fig. 1
Kaplan-Meier curve showing survival of the implant during a 12-year
period of follow-up. The results are given as percentages with the lower
limit of the 95% confidence intervals.
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